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PRELIMINARY ASSESSMENT OF PREDICTIVE VALIDITY OF
PERIARTICULAR BONE AREA AND SHAPE MARKERS IN KNEE OA
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Purpose: Changes in periarticular bone area and shape are well
described in late stages of OA, but it is not known if these changes
predict clinical and structural outcomes in knee OA. The objective of
this study was to investigate if bone area and 3D shape changes over 24
months predict clinically relevant progression in knee OA over a 48
month follow-up period.
Methods: The OA Biomarkers Consortium undertook a nested case-
control study of progressive knee OAwithin the Osteoarthritis Initiative
(OAI), a unique longitudinal cohort with a publicly available repository
of joint images, biospecimens and clinical proﬁle data obtained at
annual clinic visits. The case group (n¼194) is deﬁned by the combi-
nation of knee radiographic outcome (medial tibiofemoral joint space
loss (mTF JSL) >¼ 0.7mm) AND symptom outcome (persistent wors-
ening in WOMAC pain score, reaching a minimum clinically important
threshold of 9 points on a 0-100 normalised scale), each achieved for
the ﬁrst time at the 24, 36 or 48 month follow-up compared to baseline.
Main inclusion criteria were a Kellgren Lawrence grade (KLG) 1, 2 or 3 at
baseline from central reading and availability of knee radiograph and
magnetic resonance (MR) images at baseline and 24 months. Controls
(n¼406) were knees eligible for the study that did not meet both
endpoint criteria consisting of: 200 subjects with no worsening on both
factors (pain and mTF JSL), 103 subjects with JSN but no pain increase
and 103 with a persistent increase in pain but no JSL. Femur, tibia and
patella bone surfaces were automatically segmented from 3T DESS-we
images using active appearance models provided by Imorphics (Man-
chester, UK), and built from an unrelated dataset. Two measures of
change in bone shape from BL to 24 months were used as predictors (1)
the change in tAB area on themedial and lateral femur, tibia and patella,
and (2) the change in position on OA vectors for the femur, tibia and
patella. The OA vector encodes the typical overall 3D shape difference
between 300 knees with OA (KLG 3-4) and 300without (KLG 0). A line is
drawn through the two population means, and the 3D bone shape
generated for each segmented bone surface is then projected orthog-
onally onto this OA vector. For the purposes of this analysis, we
normalized all area and shape bone markers to a z scale. Association
between bone shape markers and case-control status was assessed
using a logistic regression model adjusting for baseline age, sex, BMI,
KLG and baseline pain level. Additional analyses were conducted to
detect marginal effects of bone markers on changes in pain andmTF JSL.
Tomaintain overall type I error<0.05 the adjusted ORswere considered
statistically signiﬁcant if p<0.004.Change in bone area (mm2) and shape (vector of 3D shape) for cases and
controls
means (SD) means (SD) p-value
cases controls Adjusted OR
per 1SD
p-value
Medial Femur 37.48(54.82) 16.13 (41.44) 1.64 (1.35, 1.99) <0.0001
Medial Tibia 16.99 (22.11) 10.22 (19.14) 1.41 (1.18, 1.69) 0.0001
Medial Patella 7.25 (29.74) 3.10 (16.10) 1.30 (1.03, 1.62) 0.0252
Lateral Femur 7.98 (47.43) 0.45 (42.84) 1.23 (1.03, 1.48) 0.0255
Lateral Tibia 11.01(17.23) 5.53 (14.40) 1.46 (1.22, 1.75) <0.0001
Lateral Patella 9.36 (37.41) 3.76 (21.21) 1.31 (1.04, 1.65) 0.0216
Notch 13.09(26.47) 6.22 (22.98) 1.32 (1.11, 1.58) 0.0022
Lateral Trochlea 7.09 (21.04) 0.57 (18.75) 1.41 (1.17, 1.69) 0.0002
Medial Trochlea 12.34 (14.55) 5.77 (11.24) 1.70 (1.41, 2.05) <.0001
Vector Femur 0.30 (0.35) 0.16 (0.27) 1.65 (1.36, 1.99) <.0001
Vector Tibia 0.35 (0.45) 0.22 (0.43) 1.39 (1.16, 1.66) 0.0003
Vector Patella 0.29 (0.68) 0.17 (0.68) 1.21 (1.01, 1.45) 0.0396Results: By design cases and controls had similar age (mean 61.5 years,
SD 8.9) and sex distribution with 59% female; the majority were obese
(mean BMI 30.7 kg/m2). Changes in bone area and shape from BL to 24
months in all compartments were greater in cases compared to controls
and, with the exception of the patella, signiﬁcantly associated with an
increased odds of being a case knee (Table 1). The adjusted ORs in the
table represent the change in odds of being a ‘case’ per 1SD increase of
normalized changes in area and shape bonemarkers. The odds ratios for
area changes ranged from 1.24 to 1.73, and for changes in shape ranged
from 1.21 to 1.65, with the largest ORs associated with bone changes in
the medial femur and trochlea. Further analysis revealed that these
associations were mediated by changes in JSL and not in pain.
Conclusions: Greater changes in bone area and shape markers over 24
months in knees with mild tomoderate radiographic OA predict greater
likelihood of progression over 48 months. This difference is largely
explained on the basis of mTF JSL progression and not due to pain
increases.337
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RADIOGRAPHIC OSTEOARTHRITIS: A MATCHED CASE-CONTROL
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Purpose: Radiography is only able to depict structural joint damage at
advanced stages. However, pre-radiographic structural damage to the
joint is likely to increase the risk of incident radiographic OA (ROA). The
menisci are crucial for preservation of joint integrity and meniscal
damage alters joint biomechanics. Further, the menisci contribute to
radiographic joint space narrowing, one of the hallmark features of
ROA.
The aim of the study was to assess if presence and severity of meniscal
damage and extrusion at the time point one year prior to the estab-
lishment of incident ROA (timepoint “P-1”) increases the risk for inci-
dent ROA using a nested, matched case-control approach based on the
Osteoarthritis Initiative (OAI) cohort focusing on cases of incident ROA
with no evidence of ROA at baseline.
Methods: Participants were drawn from the OAI including 4796
participants with, or at risk of knee osteoarthritis. We studied 59 knees
that developed incident ROA before the 48 month visit. They were
matched with a control knee that did not develop incident ROA. All
knees were from participants where both knees were KL ¼ 0 at
enrollment and matching was further done by gender and age within 5
years. MR images were acquired at four OAI clinical centers using
Siemens Trio 3 T scanners.
MRIs were read for medial and lateral meniscal morphology using the
semiquantitative MOAKS system, which scores meniscal morphology
from 0 to 8. Morphology was scored for the following locations: anterior
horn, body, posterior horn, medial and lateral. Grades 0 depicts
a normal meniscus and grade 1 lesions are intrameniscal signal
changes. Grades 2-5 code different types of meniscal tears while grades
6-8 code different grades of meniscal maceration. Extrusion was scored
from 0-3 on coronal images according to MOAKS.
Conditional logistic regression was used to assess the risk of incident
ROA based on the extent of meniscal damage and extrusion one year
earlier (i.e. at P-1)
Results: Subjects were on average 65.5 years old (SD  8.6), predomi-
nantly female (58.1%) and overweight (mean BMI 29.5 SD  4.88).
Risk of incident ROAwas signiﬁcantly increased for knees exhibiting any
pathology of the medial meniscal body at P-1 (OR¼9.0 95% conﬁdence
interval [CI] [2.1,38.8]) and of the lateral posterior horn (OR¼5.0
[1.1,22.8]) when compared to the knees with normal meniscal
morphology as the reference. Knees with any medial extrusion
exhibited an increased risk for incident OA when compared to knees
without (Table 1).
Knees with a maximum meniscal grade of 2 or more (tear and macer-
ation) in any of the 3 locations of the medial compartment had an
increased risk for incident ROA (OR¼19.4 [2.3,162.1]) when compared to
knees with normal meniscal morphology (¼grade 0).
Conclusions: Presence of any medial meniscal pathology and extrusion
of the meniscal body predicts incident ROA one year later when
compared to knees without these meniscal alterations. Further, risk for
Table 1
Risk for incident ROA in regard to presence of medial and lateral menisca! damage at P-1
Medial Meniscal Damage Lateral Meniscal Damage
Risk factor presence N (%) In controls us, n (%)
In incident knees
Odds Ratio (95% conﬁdence
Intervals) p-value
N(%) In controls vs. n (%)
In incident knees
Odds Ratio (95% conﬁdence
Intervals) p-value
Anterior horn
0 57 (96.6) vs. 59 (100,0) Reference 46 (77.9) vs. 59 (100.0) Reference
Any (1-8) 2 (3.4) vs. 0 (0.0) n/a 13 (22.0) vs. 0 (0.0) n/a
Body
0 35 (59.3) vs. 51 (86.4) Reference 52 (88.1) vs. 56 (94.9) Reference
Any (1-8) 24 (40.7) vs. 8 (13.6) 9.00 (2.09. 36.79)* 7(11.9) vs. 3(5.1) 2.33 (0.60, 9.02)
Posterior horn
0 12 (20.3) vs. 10 (30.5) Reference 49 (83.1) vs. 57 (96.6) Reference
Any(1-8) 47 (79.7) vs. 41 (69.5) 1.63 (0.67, 3.92) 10 (17.0) vs. 2 (3.4) 5.00 (1.10,22.82)*
Maximum grade in any of 3 locations
0 11 (18.6) vs 18 (30.5) Reference 38 (64.4) vs. 55 (93.2) Reference
1 (signal) 22 (37.3) vs. 34 (57.6) 0.95 (0.33.2.73) 13 (22.0) vs, 2 (3.4) 12.0 (1.56, 92.29)*
2-B (tears and maceration) 26 (44.1) vs. 7(11.9) 19.37 (2.32. 162.1)* 8 (13.6) vs. 2 (3.4) 4.00 (0.85, 18.84)
Extrusion
0 48 (81.4) vs. 26 (44.1) Reference 58 (98.3) vs. 57 (96.6) Reference
Any (1-3) 11 (18.6) vs. 33 (55.9) 6.50 (2.27.18.62)* (1.69) vs, 2 (3.39) 2.00 (0.18,22.06)
*Statisﬁcally signiﬁcant at p<0.05.
Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S176incident ROA is increased for knees with pathology of the lateral
posterior horn, and also when a maximum grade of any type of tear or
maceration is present in any of the analyzed medial meniscal locations.338
INCREASING KNEE PAIN IS ASSOCIATED WITH DECREASING
PROPORTION OF QUADRICEPS WITHIN THE THIGH IN WOMEN IN
THE OAI
K.A. Beattie, C. Druchok, J.D. Adachi, M.R. Maly. McMaster Univ.,
Hamilton, ON, Canada
Purpose: The quadriceps muscle (QM) likely plays an important role in
both incident and progressive knee OA. Reduced strength and mass are
observed in women with knee OA compared to those without. Quad-
riceps dominant muscle atrophy occurs in women with incident knee
OA, and there appears to be altered patterns of activation of quadriceps
and hamstrings muscles (HM) during gait inwomenwith knee OA. Also,
quadriceps muscles are smaller and weaker in knees with frequent pain
compared to those of the same radiographic disease severity but
without pain. Thus, the purpose of this study was to investigate the
association between changes in body mass, knee pain and physical
activity with the change in the proportion of quadriceps volume in the
thigh over 2 years in women enrolled in the Osteoarthritis Initiative.
Methods: The online OAI database was queried for women 50 years
old in the incident and progression cohorts with available baseline and
two-year axial T1-weighted mid-thigh MRI scans (15 contiguous slices,
5mm slice thickness). Participants were excluded if there was a)
inconsistent spatial resolution between baseline and follow-up scans, b)
compressed or ﬂattened thighs on either one of the two scans , c) <12
matched slices between time points or d) baseline K-L grade unavail-
able. Baseline and follow-up scans meeting these criteria (N¼156) were
registered using Analyze 8.1 (AnalyzeDirect Inc., KS, USA) and the 12
most proximal matching slices were segmented, in pairs, using Sli-
ceOmatic 4.3 (Tomovision, QC, Canada) to quantify QM volume and the
volume of all other muscles within the thigh. Only the right thighs were
analyzed and the segmenter was blinded to image time point. The
proportion of each variable was calculated by dividing the QM volume
by the volume of the remaining muscles in the thigh. Change in the
proportion of quadriceps within the thigh was determined by sub-
tracting the baseline proportion from the proportion at follow-up.
Independent variables included change in body mass, pain and physical
activity. To calculate these, baseline and 2-year follow-up data for body
mass, WOMAC pain sub-score and Physical Activity Scale for the Elderly
(PASE) were downloaded from the OAI database. Age and K-L grade at
baseline were covariates, also downloaded from the OAI Database. A
linear regression analysis was conducted to determine if 2-year changes
in body mass, physical activity and pain were associated with the
change in the proportion of QM in the thigh over 2-years, after
accounting for baseline age and K-L grade.Results: Included in the analyses were 156 women (mean (SD) age ¼
62.9 (7.2) years, BMI ¼ 28.4 (5.2) kg/m2). The distribution of K-L grades
was: K-L 0¼40, K-L 1¼20, K-L 2¼59, K-L 3¼32, and K-L 4¼5. At baseline,
the mean (SD) proportion of QM volume to other muscles and tissues in
the thigh was 1.08 (0.15), the mean (SD) WOMAC pain score was 2.4
(2.9) and the mean (SD) PASE score was 150.6 (75.3). The linear
regression analysis showed that change in body mass (b¼0.261,
p¼0.001) and change in WOMAC pain score (b¼-0.218, p¼0.006) were
signiﬁcantly associated with the change in the proportion of QM in the
thigh over 2 years with no other variables in the model being signiﬁcant
(p>0.05).
Conclusions: Over 2 years, a gain in body mass and decrease in knee
pain were associated with an increase in the proportion of QM volume
to the volume of all other muscles and tissues in the thigh, in women
with risk factors for and with progressive knee OA. This is not surprising
given that heavier individuals tend to have larger muscle volume and
that those with pain may be less physically active and, thus, may lose
quadriceps muscle volume at a faster rate than hamstrings muscle
volume. However, change in physical activity over 2-years was not
associated with the change in the ratio of QM volume to HM volume.
One limitation is that the analysis included very few women with
severe knee OA.
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LONGITUDINAL BIOCHEMICAL EVALUATION OF THE
FEMOROPATELLAR JOINT DURING THE TRANSEUROPEAN FOOT
RACE BY USING ZONAL T2STAR MAPPING
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Purpose: The Transeurope-Footrace (TEFR) is a multistage ultra-
marathon, ﬁrst accomplished in 2003. In 2009, the TEFR started in Bari,
Italy and ended in North Cape, Norway. In 64 consecutive days, the
competitors had to conquer 4485 kilometers (2787miles), an average of
70,1 km (43,5 mi) per day. From 68 starters 45 participants were able to
manage the whole distance. Running approximately two marathons
a day for more than 9 weeks is an immense load for the joints of limbs
and feet. A mobile 1.5 Tesla MRI, which was transported on a Truck-
Trailer, accompanied the run. MRI has a high potential for the non
invasive assessment of articular cartilage. T2* relaxation is a potential
parameter for the biochemical assessment of the articular cartilage and
is related to the collagen network and water content. The purpose of
this study was to evaluate morphological and biochemical changes
within the patellar and trochlear cartilage during this physically and
mentally extreme burden.
Methods: Twenty-two ultra-marathon runners (20 men) consented to
the study. Both knees of the participants were measured on a mobile 1.5
Teslawhole bodyMRI using a dedicated 8-channel knee coil: a baseline-
MRI examination before the race started and several examinations
